Abstract-In this work, the behavior of the electrical network with the insertion of energy storage and solar generator is analyzed. Steady-State simulations are performed in Matlab using the power summation method. The consumption profile is defined as the average hourly use of the appliances in a typical residence, and the generation profile is defined using the solar irradiation data collected at the Tanquinho solar photovoltaic plant in Campinas, Brazil. The simulated method is validated with analytical calculation and is used to calculate the modules and angles of the voltages in the buses. Six buses of a power distribution system (DS) based on the IEEE standard of 30 buses are used. The results obtained are analyzed according to the Brazilian standards that determine the voltage ranges in the DS. Bus 5 does not meet the recommendations of the standard (voltage less than 0.92 p.u.), usually at power consumption peaks that occur between 7 pm and 9 pm with a voltage of 0.8084 p.u. and stabilizes in the appropriate range with the inclusion of the storage, alleviating the load demand. The solar generator system has its highest production around 12 pm (maximum of 1.05 p.u.) that can be stored if it exceeds the voltage limits. In this way, the use of storehouses in conjunction with solar generator system can be used (in some cases) in a way that is designed to solve voltage problems.
I. INTRODUCTION
Significant transformations in electricity distribution systems have been occurring in the last decades, mainly in their structure, design, and operation. From this, studies of power distribution grids play a fundamental role in ensuring the quality of the energy supply to consumers, but for this, it must have tools and models that can simulate and provide results of the behavior of the grid in permanent and transient regime [1] .
In large part of the literature, authors [2] , [3] , [4] , [5] , [6] , [7] , [8] present changes in the power grids and power flow theories traditional concepts. The conventional radial distribution system is configured to have only one source of a generation with the one-way power flow starting its generation path until the final consumption. But from the inclusion of generators in the distribution grid this flow turns into two-way, becoming a system of multiple sources. Current studies aim at identifying the consequences of the connection of electricity generation sources on the consumer side or the distribution network, and the impact on system operations, reliability, power quality, and control.
With the beginning of the insertion of photovoltaic generators to the electrical network, it was imagined that the integration of solar photovoltaic systems in energy networks would not be a difficult task. However, when the penetration level of photovoltaic electricity began to increase, utilities began to face new non-traditional problems, mainly due to the intermittent nature of solar energy [9] .
Gopinath et al., in his article, points out that increasing the penetration rate of photovoltaic (PV) systems in the public grid reduces greenhouse gas emissions, increases energy independence, and increases infrastructure reliability. Solar photovoltaic systems may also offer an alternative solution to reduce peak demand due to the ability to deliver energy during peak times [10] .
However, photovoltaic modules suffer in the production of energy because of the dependence of natural physical factors as radiation levels vary over the days due, for example, to the weather and cloud passes that generate intermittence in the production of energy. The variation of the photovoltaic generation due to problems to the electrical network such as voltage fluctuations, frequency deregulation, instabilities, and energy quality decrease. Many types of research have already been carried out to solve some of the problems mentioned about the insertion of power generators to the distribution network and some with the use of energy storage among the solution proposals. Sun et al. approaches the application of energy storage systems for secondary regulation because of the rapid ramp characteristics, also addressing the uncertainty in frequency deviations [11] . Sun et al. reinforce the use of energy storage systems (ESSs) for frequency regulation with the formulation of a decentralized algorithm for the system operator and the NASs to follow their own operating decisions, ensuring the satisfaction of network constraints [12] . Gopinath et al. presents the methods of evaluating a network-connected photovoltaic (PV) solar system -battery storage system -in relation to maximum demand cut, where an efficient energy storage system can provide the extra energy needed during the periods of peak energy consumption, as well as lack of energy due to intermittent sources of renewable energy [10] . Struth et al. uses as an analysis tool a Matlab-based model of a distribution network with multiple storage systems with different battery management strategies, such as fixed power limitation, load range timer concerning typical solar radiation profiles and how to result that proper management brings relief to the network [13] . Other authors investigate the modeling, applications, and maximum levels of penetration of energy produced by distributed generators, their impacts and solutions [14] , [15] , [16] , [17] , [18] .
The main objective of this work is to study and analyze the insertion of energy storage in conjunction with PV systems in the grid with the steady state simulation using the power sum method from Matlab to understand how the energy storage device behaves in power flow control. First, the problem is solved analogously, then the results and analyses of the simulations are presented from data taken from a radial network of 30 buses for tests [19] . Finally, the conclusions of the case studies are presented.
Main contributions of this paper are: utilization of a simple IEEE-based electrical system, specification of a load demand profile for residential buildings in Brazil, and design of a simple energy storage profile to attenuate over voltage and phase mismatch effects in an electrical system with solar photovoltaic generator. (Table I) [20] . The network system without any insertion of PV systems can present voltage levels that fit between the precarious and critical levels. Even when properly sized, the system connected to the grid is a source that carries with it the intermittent generation of energy that is a concern to the distribution system that requires stable and reliable energy production all the time. In this context, one finds the importance of the energy storage system as a part of the solution to stabilize the effects of solar flashing and as an energy damper for a photovoltaic system connected to the grid. Moreover, a battery's energy storage system can potentially address this flicker per hour by storing energy and injecting power into the network when needed. The integration of a large number of lithium-ion batteries with the solar generator system in the large-scale grid will control the energy flow of the photovoltaic system and will ensure the production of stable energy as needed.
III. POWER SUMMATION METHOD
The power summation method is an iterative procedure for solving the power flow problem in an electric system. This method allows to obtain a fast solution for the bus's voltages (subsystem 1) in a mainly radial distribution grid, making possible the calculation of the powers that are injected in the grid buses (subsystem 2) [21] , [22] . The Power Summation Method is based on two scanning processes of the branches and buses of the tested grid, which are repeated until some stop criterion is reached:
-Inverse scan: resides in the cumulative process of power, from the terminal nodes to the root node.
-Direct scan: consists of correcting (re-estimating) the state of the bar voltages (modulus and angle) towards the terminal nodes of the grid, from the known voltage and angle for the root node.
A. Subsystem 1
The iterative solution process of Subsystem 1 based on the Power Summation Method can be implemented primarily in a sequence of 5 steps, described below: 1 o stage (iteration 0): initially, adopt any state (module and angle) for the grid's bars, except for the (known) source node. Usually, it assumes the so-called flat-start(1 0) . 2 o stage (loss calculation): for any iteration and based on the state of the bar voltages obtained in the previous iteration, calculate the active and reactive losses in all branches of the grid. Then be the generic branch k-m of admittance series y km = g km + jb km given in Fig. 1 , where it is assumed that the complex voltages E k − = V k θ k in the bus k and E m = V m θ m in the bus m. Figure 2 , where k bus is closer to the root node (S/E) than m, the following data are assumed or estimated:
-y km = g km + jb km = y km km : branch admittance k − m, where:ŷ km = (g km 
Where ξ is the bar voltage error, Ω N =1 is the set of grid bars except the root node (busV θ), and is the pre-set tolerance value (for example, = 10 −4 ). At this point, it is assumed that, if convergence is not achieved, it is returned to Stage 2, and if it is reached, the process is finished by saving the last state of buses voltages obtained and proceeding with the calculations of Subsystem 2.
B. Calculation of other results
This step of calculation consists in obtaining too many unknowns of interest, such as active and reactive flows and losses of branches, and liquid injection of active and reactive powers in the root node. A generic branch k − m of a network under study, is shown in Figure 3 -a.
Based on Figure 3 -b, which shows a scheme for obtaining power injections in the source bar (substation), designated here as number 1, it can be seen that the liquid injections of active power P 
IV. ANALYTICAL CALCULATION
The case study is given by the two-bus electrical system. The voltage and power bases are V base = 13, 8 kV and S base = 1M V A, respectively, the impedance of line 1-2 is Z 12 = 2 + j4Ω, the load power in bus 2 is S C = P C + jQ C = 1, 5 + j0, 8 p.u. and the generating power at bus 2 is S G = P G + jQ G = 0, 5 + j0, 1 p.u..
As an example, the voltages in the buses and the power flow according to analytical and iterative (computational) methods will be calculated. The Figure 4 shows the electrical circuit, where bus 1 is represented as a voltage source V S = 1 0 • p.u., the load on bus 2 as an impedance Z C = V 2 /I C and the generator on bus 2 as a current source I G = S * G /V * 2 [23] . According to Kirchhoff's law of voltages:
Also, according to Kirchhoff's current law:
From V 2 = V x + jV y, substituting Eq. (5) in eq. (4) obtains the voltage on bus 2:
Therefore, the power supplied by the source is:
By applying the power summation method to the case study, we obtain the voltages and powers shown in Table II . It is observed that the voltage values in bus 2 and power supplied by the source are close to the calculated values. 
V. CASE STUDY MODELING

A. Electrical system based on IEEE standard
The distribution system under analysis is based on the IEEE 30-bus system ( Figure 5) , with the following variations: -The first 6 buses are considered (6 buses system); -The interconnection between buses 2 and 4 is excluded (system with 6 branches); -The distributed generator is connected to bus 5 instead of bus 2; -The reactive power injected by the photovoltaic generator is considered null; -An energy storage unit is also connected to bus 5 in order to improve voltage levels. 
B. Load Profile
The consumption profile for loads of the studied electrical system is constructed from data of a usual residence in Brazil. On the other hand, the production profile for the generator of the electric system is elaborated from data of solar irradiation in a locality of Brazil. A total of 24 power-flow simulations (for each hour of a typical day) are performed using the power summation method, and the behavior of the voltages in the system buses is analyzed. Typical consumption values were used to construct the hourly load profile, where the maximum value of 3207.5 W was considered proportional to each of the nominal active and reactive powers of the IEEE-based electrical system loads, as shown in Figure 6 for the active power consumed in bus 5 (P C5 = 0.942 p.u.). It is observed that the peak of energy consumption is between 6 pm and 9 pm (maximum value around 7 pm), and there is considerable consumption between 7 am and 8 am.
C. Profile of photovoltaic generation and energy storage
For the photovoltaic solar generation profile, solarimetric data of the Tanquinho Plant in Campinas-SP, Brazil corresponding to 03/01/2014 were used. If the photovoltaic solar generator has mechanical and electrical tracker systems, the generation profile will be similar to the irradiation curve, and the active power injected into the electric system will be approximately proportional to this curve. Therefore, the photovoltaic generation profile per hour with a nominal value of 0.4 p.u. is shown in Figure 7 , while the reactive power injected by the solar generator is zero. Note that the maximum generation is around midday and that there are generation drops at 8 am and 4 pm as a result of a cloudy or rainy day.
The addition of a solar photovoltaic generator causes elevation of the voltage level around midday hours, at the bus in which it is connected. Besides that, typical load profiles require more generation at night hours. Therefore, an energy storage system can be utilized to consume the excess of energy production in the morning and help supplying heavy loads at night, so it works as a power compensator.
Power profile of the energy storage unit depends on the designer criterion. Figure 8 shows a simple power profile that considers storing energy at a constant rate when the solar photovoltaic unit is generating, and supply energy when there is no available solar energy. It can be noticed that the positive area must be approximately equal to the negative area in the PA vs t curve. In this work, a nominal power (P A = ±0.2 p.u.) slightly lower than the generator power was selected.
VI. ANALYS AND DISCUSSION
A. Case study 1: Distribution system with loads and solar generator
The summation of powers method is used to calculate the modules and angles of the voltages in the buses of the electrical system under analysis. Figure 9 and Figure 10 shows the behavior of the voltage and angles modules in the system buses for the load and generation profiles considered in the work. In which it is observed that bus 5 when it is in the moment of peak consumption does not meet the recommendations of the standard. The high active and reactive power consumption around 7 pm causes the voltage drop in bus 5 with a value of 0.8084 p.u. (as can be seen in Table  III where Simulation results are presented in Figure 11 and Figure 12 , for the voltage levels and angles on bus 5 when connecting an energy storage unit to the distribution system with solar generator and loads. It can be noticed that the voltages on bus 5 are all in adequate values (Table IV) , even at the time when the load consumption is high and the solar power generation is maximum. Other design criterion for the power profile implies calculating it from grid power consumption, so it can supply almost constant power all day.
VII. CONCLUSION
Load flow simulations were performed for each hour of the day in an electrical system based on the IEEE standard, considering a consumption profile of a common residence and a generation profile corresponding to the solar irradiation in a locality. The results show that the solar photovoltaic generator produces a slight rise in voltage around noon on the bus it is connected to, and that the demand for peak power at night is not offset by the solar generator. It was demonstrated that an energy storage unit can compensate the power consumption of a distributed system with residential loads and solar generator, so the voltage levels on the buses of the electrical system are categorized as adequate according to national standard. Future work involves investigating more power profiles of the 
